expected to amount to approximately $420 million in 2016, according to Medicare estimates 2, 3 . Penalizing hospitals for readmissions to achieve cost containment is not ideal. Penalizing them for all-cause readmissions without discriminating between those related and those unrelated to the index procedure is particularly problematic, but there is no consensus regarding which particular diagnoses should be considered procedure-specific. A lack of reliability of the collected data 3 as well as medicolegal and financial incentives to admit patients especially when surgery was performed in a different hospital are also limitations of this measure 4 . Furthermore, it remains uncertain whether readmission risk factors can be addressed in a manner that benefits patients 5 .
Limitations of previous studies on readmission after total knee arthroplasty (TKA) within 30 days include the use of a single hospital database, a lack of information about the reasons for readmission, and the lack of stratification of readmissions according to comorbidities [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . These limitations are important when studying readmission rates because an estimated 18% of patients are readmitted to a hospital other than the one at which they had the surgery 17 and patients have different risks based on their comorbidity profile 13, [18] [19] [20] . The purpose of this study was to use a large, statewide database to determine (1) the frequency and (2) the risk factors for readmissions for all causes or for procedure-specific complications within 30 days after TKA as well as (3) the association between hospital volumes and readmission rates.
Materials and Methods

Study Design and Setting
T he Statewide Planning and Research Cooperative System (SPARCS) database from the New York State (NY State) Department of Health was used to identify our patient cohort. Established in 1979, SPARCS collects hospital discharge information, including patient demographics, diagnoses and treatments, services, and charges for every non-federal-hospital discharge, ambulatory surgery case, and emergency department visit in NY State. State regulations require that inpatient data be submitted according to a designated format and schedule by all facilities certified for inpatient care.
Study Subjects
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes were used to identify 382,603 residents of NY State who underwent elective primary TKA (ICD-9-CM code 81.51) between January 1, 1997, and November 30, 2014 , for the diagnosis of osteoarthritis, inflammatory arthritis, or osteonecrosis. Patients were excluded if the indication for the original surgery was considered nonelective (neoplasm, fracture, congenital condition, infectious condition, or other); the admission included a concurrent total hip arthroplasty, revision total hip arthroplasty or TKA, or hip resurfacing procedure; >2 TKA procedures were coded during the index hospitalization; hospital discharge was against medical advice; or there was a lack of complete information. This left 377,705 patients eligible for study.
Variables, Outcome Measures, Data Sources, and Bias
We evaluated the frequency of readmissions, within 30 days after the primary TKA, that were due to any diagnosis (all-cause readmissions), due to any of the 8 diagnoses that the CMS considers to be TKA-specific complications 2 (see Appendix), and due to a complication on an expanded list that included 22 additional diagnoses considered to be TKA-specific complications in a recent publication 21 (see Appendix). The potential risk factors for readmission that we evaluated included demographic characteristics, comorbidities, complications during the index procedure, length of the hospital stay, and discharge disposition. Diagnosis codes in all of the secondary diagnosis fields were used to identify comorbidities based on the Elixhauser Comorbidity Index
22
. We considered a risk factor to differ between readmission categories if the upper bound of the 95% confidence interval (CI) for the risk factor using one definition of readmission did not overlap with the lower bound of the 95% CI for that same risk factor using a different definition of readmission.
Hospital Volume
Hospitals that performed no TKAs were excluded. To determine the association between hospital volume and the risk of readmission after TKA, we divided hospitals into 4 volume strata that we had previously identified to be associated with distinct risk levels for post-TKA complications and mortality in NY State hospitals 23 . The thresholds, calculated by applying stratum-specific likelihood ratio (SSLR) analysis to receiver operating characteristic curves, were £89, 90 to 235, 236 to 644, and ‡645 TKAs per year 23 .
Statistical Analysis
Descriptive statistics were calculated for all variables. Independent samples t tests and Pearson chi-square analysis were used for bivariate comparisons. Multivariable analysis was conducted using logistic regression in order to examine the risk-adjusted association between the tested variables and readmission to the hospital. The C-statistic was calculated to estimate the predictive value of our regression model. Odds ratios (ORs) were calculated with their respective 95% CIs, and significance was assigned at the p < 0.05 level. All statistical analyses were performed using SAS 9.3 for Windows software.
Results
O
f 377,705 patients who had undergone TKA and were eligible for 30-day follow-up, 22,076 (5.8%) had been readmitted to the hospital for any cause (Table I) . From 1997 to 2014, the annual all-cause readmission rates among the hospitals ranged from 0% to 100% (interquartile range [Q1, Q3] = 1.1%, 7.2%), with a median of 3.9%. The all-cause readmissions were due to 918 diagnoses not included in either the CMS or expanded list of TKA-specific complications as well as to the TKA-specific diagnoses on those lists (see Appendix).
Readmissions due to CMS TKA-specific criteria accounted for only 11% (2,449) of all readmissions at 30 days, whereas readmissions due to the TKA-specific criteria on the expanded list comprised 31% (6, 784) of all readmissions at 30 days (Table I) . Whereas all-cause readmission rates declined significantly during the study period, those for TKA-specific complications were relatively unchanged and the rates of readmission differed significantly according to the criteria used to define them, with no overlap in CIs (Fig. 1) . We also considered readmissions within 90 days but found that 71% of readmissions due to CMS-defined TKA-specific complications and 66% of those due to complications on the expanded list occurred within 30 days.
Revision TKA, which is included on the expanded list of TKA-specific criteria for readmission, but is not a CMS criterion, was the reason for readmission of 635 (0.2%) of the patients.
Our initial analysis revealed several differences between the baseline characteristics of patients who were readmitted for any cause and those who were not readmitted (Tables II and  III) . Our multivariable regression model was able to predict 69% of all-cause readmissions (Tables IV and V) . Older patients (>75 years of age) and male patients had a higher risk of readmission independent of other risk factors. Other factors associated with an increased risk of readmission for any cause were Medicare insurance (compared with private insurance), any complication during the index procedure, a longer hospital stay, discharge to another facility instead of home, bilateral TKA, and many comorbidities. Whether patients had undergone the TKA for osteoarthritis, inflammatory arthritis, or osteonecrosis did not affect the readmission risk. Our multivariable regression model was able to predict 66% of the readmissions for a TKA-specific complication as defined by the CMS or that was included on the expanded list. Several factors that increased the risk of all-cause readmissions did not affect the risk of TKA-specific readmissions and vice versa (Tables IV and V) . Regardless of whether the CMS or expanded criteria for TKA-specific readmissions were used, black patients and those with Medicaid insurance had an increased risk, although those patient characteristics did not affect the all-cause readmission risk. Advanced age was a risk for TKAspecific readmission only when the patient was >85 years, whereas an age of >75 years increased the risk of all-cause readmissions. An age of 65 to 75 years conferred slight protection against TKA-specific readmissions but not against all-cause readmissions. In contrast to all-cause readmissions, the risk of TKA-specific readmissions was decreased by a discharge to a rehabilitation center or "other" facility. Bilateral surgery was a risk factor for all-cause readmissions and TKA-specific readmissions according to the CMS criteria but not according to the criteria on the expanded list. Only 8 of the 16 comorbid conditions that . ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKA-specific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in the CMS-defined or expanded list of TKA-specific complications (see Appendix). 
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increased the all-cause readmission risk also increased both categories of TKA-specific readmission risk. Obesity increased the TKA-specific but not the all-cause readmission risk.
Higher hospital volume was associated with fewer readmissions ( Fig. 2) , with a volume of £89 TKAs per year increasing the risk of both all-cause and TKA-specific readmissions (Table VI) and a volume of 90 to 235 increasing the risk of all-cause readmissions and those due to criteria on the expanded list but not to readmissions due to the CMS-defined TKA-specific criteria. Volumes of 236 to 644 conferred protection against all-cause readmissions without affecting TKA-specific readmissions.
Discussion
T he frequency of all-cause readmission that we reported for NY State (mean 5.8%; median, 3.9%; Q1, Q3 = 1.1%, 7.2%) is consistent with the upper values of the previously reported range of 2.0% to 6.6% within 30 days after primary TKA [6] [7] [8] [13] [14] [15] 24, 25 . However, we found much lower frequencies of readmissions for TKA-specific causes. Only 11% of readmissions (0.7% of primary TKAs) could be considered due to TKA-specific complications according to CMS criteria 2 . Even when using our expanded criteria 21 , which included 22 additional diagnoses, only one-third of the readmissions (1.8% of the TKAs) could be considered TKA-specific. We also showed that, whereas all-cause readmission rates changed over time, TKA-specific readmission rates were relatively stable from 1997 to 2014. The apparent decline in the all-cause readmission rate over time was not expected, given that, in 2012, Cram et al. reported increasing readmission rates over a similar time frame (1991 to 2010) 26 . The discrepancy may be due to differences in the populations, as Cram et al. examined Medicare patients exclusively whereas we also studied non-Medicare patients, including those younger than 65 years old. A recent review suggests that the proportion of younger patients treated with TKA has increased over time; such a trend in our NY State cohort could have resulted in a decreasing readmission rate 27 . Whatever the reasons, it is evident that most readmissions are not related to complications of the TKA specifically, especially in the short term, calling into question the use of all-cause readmission rates as a measure of TKA safety.
Our regression model was able to predict about twothirds of the all-cause, CMS-defined TKA-specific, and expandedcriteria TKA-specific readmissions at 30 days. These analyses also corroborate that many all-cause readmissions occur for reasons unrelated to TKA. Consistent with previous reports, we found male patients to be at higher risk for readmission, regardless of the criteria used to define the readmission 15 . However, discrepancies among the readmission categories were detected for many other risk factors.
An age of >75 years was a risk factor for all-cause readmissions, but the risk of TKA-specific readmissions increased only after the age of 85 years and an age of 65 to 75 years conferred a . ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKAspecific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in the CMS-defined or expanded list of TKA-specific complications (see Appendix). #The change in risk of readmission was calculated for each additional day (unit change) that the patient stayed in the hospital.
slight protective effect. Our results suggest that previous findings with regard to the effect of age on readmission may have been mixed because different criteria were used to define readmission 7, 10, 15, 16, 28, 29 . Higuera et al. found no association between age and readmissions 16 . Avram et al. 7 and Pugely et al. 30 found that older age was a predictor of readmissions at 30 days after discharge whereas Zmistowski et al. found that younger patients were more likely to be readmitted 15 , all in large cohorts. Black race was a risk factor for TKA-related readmission but not all-cause readmission. Previous studies have shown black patients to have higher complication and readmission rates after total joint arthroplasty 19, 31, 32 . Clearly, this is an area that continues to require study and improvement.
In agreement with previous studies 11, 20 , our study showed that patients with more comorbid conditions were at higher risk for readmission. However, not all of the diagnoses that increased the risk of all-cause readmission affected TKAspecific readmission. Consistent with previous studies, we found that patients with coagulopathies 10, 33, 34 , renal disease 3, 10 heart disease 13, 35 , obesity 8, 13, 36 and mental health problems 4, 37 were at increased risk for TKA-specific readmission. Although we found depression to be a risk factor for TKA-specific readmissions, drug abuse and psychoses contributed only to allcause readmissions in our cohort. Diabetes 10, 13, 35 and anemia 16, 34 have been reported to increase the risk of readmission after TKA; in our model these were risk factors for all-cause but not *Readmission categories are not mutually exclusive. †Readmissions due to any of 8 diagnoses designated by the CMS as TKA-specific complications (see Appendix). ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKAspecific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in the CMS-defined or expanded list of TKA-specific complications (see Appendix).
TKA-specific readmission. Consistent with previous reports, our study showed that in-hospital complications and a longer stay in the hospital also increased the risk of readmission, regardless of the criteria used to define the readmission 7, 29, 38, 39 . Whether addressing these risks can decrease readmission frequency remains unclear 40, 41 . Bilateral surgery was a risk factor for all-cause readmissions and TKA-specific readmissions according to the CMS criteria but not the criteria on the expanded list, suggesting that while bilaterality does not compromise the outcome of TKA itself, the duration or extent of surgery may be riskier for sicker patients. While Hart et al. 42 did not find an increased readmission rate after bilateral surgery, they did report a slightly higher rate of major complications. Although bilateral surgery is not part of the CMS Comprehensive Care for Joint Replacement Model (CJR) or Bundled Payments for Care Improvement (BPCI) initiative for lower-extremity joint replacement, they were included in our analysis to replicate as closely as possible the CMS readmission measure methodology, in which bilateral operations are risk-adjusted but included 43 . As in previous studies, we found insurance coverage and disposition to influence readmission rates 4, 10, 14, 33, 39, 44 . However, we also found that the influence of these factors depended on whether the readmission was all-cause or due to a TKA-specific . ‡Readmissions due to a diagnosis on an expanded list of TKA-specific complications, including 22 additional TKAspecific complications selected by a group of experts (see Appendix). §Readmissions due to all causes, including 918 conditions not included in the CMS-defined or expanded list of TKA-specific complications (see Appendix). #Thresholds for hospital annual volume were determined using SSLR analysis as described in the Materials and Methods section.
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diagnosis. In our study, Medicare coverage increased the risk of all 3 categories of readmission but Medicaid coverage was a risk factor only for TKA-specific readmission, suggesting that lower socioeconomic status affected TKA outcomes specifically. This finding is in agreement with previous observations 33, 39, 44 and underscores the need to determine how to improve TKAspecific care in this population. We also found that discharge to anywhere other than home increased the risk of all-cause readmission, which is consistent with previous reports 4,13,39 and our finding that sicker patients have a higher readmission risk. However, discharge to a rehabilitation facility conferred a protective effect only against TKA-specific readmissions. This is consistent with the expectation that post-TKA aftercare at rehabilitation facilities is better than what could be provided at home.
The relationship between higher procedure volume and better procedure outcome has been reported for TKA and other surgical procedures 5, 45, 46 , although the reasons for it remain opaque. Surgeon procedure volume may be a contributing factor 24, 47 . Our findings confirm the volume-outcome relationship in hospitals across NY State. Previously, we identified TKA volume thresholds (£89, 90 to 235, 236 to 644, and ‡645 TKA per year) in NY State hospitals that were associated with decreasing risks of complications 90 days after surgery 23 . We add to our previous findings the observation that these volume strata are also associated with decreasing risk of readmission 30 days after TKA. Our findings could suggest that TKAs should be performed only in hospitals where ‡90 operations are done per year. An alternative approach might be to encourage primary care physicians (or other gatekeepers) to steer patients to higher-volume centers but ultimately leave the decision to the patient, allowing them to weigh the possibly increased risk of complications against factors that might make a smaller hospital more appealing to them, such as proximity or familiarity. Surprisingly, hospitals reporting a volume of 236 to 644 cases per year had a lower rate of all-cause readmissions than hospitals reporting ‡645 cases, despite the fact that in our previous study these 2 strata had the same 90-day complication risk and the highest-volume hospitals had the lowest mortality risk 23 . Considering that the rates of TKA-specific readmission were the same in the top 2 volume strata of hospitals, the higher all-cause readmission risk in the highest-volume hospitals likely arises from medical or surgical issues not related to TKA directly. Large, highly specialized hospitals reporting ‡645 TKAs per year are likely to be in urban areas and thus may serve a different population than lower-volume hospitals. For example, readmission may be more common for medicolegal reasons. Further investigation is required to understand why hospitals in the highest-volume stratum have the lowest TKA-related readmission rates but not the lowest all-cause readmission rates. Studies to elucidate the proportion of high-risk patients treated at each volume tier of hospitals would be instructive. Whatever the reasons may be, the discrepancy underscores our overall conclusion that procedure-specific and all-cause readmissions do not measure the same outcome.
The limitations of our study are related to the use of an administrative database. Inaccuracy of coding of diagnoses and procedures and a lack of detailed clinical information are concerns. However, this database is similar to the one used by Medicare to measure readmission rates and can provide a picture of all-payer health-care delivery over a large geographic region in a cohort that is much larger than those in most previous studies. Although a wide variety of communities (urban, suburban, and rural) are represented in NY State, it is possible that patients, surgeons, and hospital-related factors unique to our state are not entirely reflective of the rest of the U.S. Finally, even though we restricted our study to NY State residents, patients living near borders with other states may have been readmitted to hospitals in those states, resulting in an underestimation of readmission frequency.
In conclusion, using a statewide database, we determined that TKA-specific readmissions account for only 11% to 31% of all-cause readmissions at 30 days after discharge, indicating that all-cause readmission rates are not an accurate measure of TKA safety. Fortunately, in the final rule for the CMS total joint replacement bundle, the CJR payment model does not use allcause readmission as a performance measure 48 , even though it had been considered when first proposed 49 . However, with regard to the Hospital Readmissions Reduction Program, our findings suggest that CMS may be unfairly penalizing hospitals using this methodology for the calculation of readmission rates following TKA. We identified several risk factors for TKA-specific readmission. The fact that some risk factorsincluding bilateral TKA and disposition to a rehabilitation facility-contributed to all-cause but not TKA readmission indicate that analysis of procedure-specific readmissions is necessary for accurate risk adjustment. Readmission rates are lower at higher-volume hospitals, with the risk of readmission declining in hospitals performing at least 90 TKAs per year.
Overall, our finding of an imperfect overlap of risk factors for all-cause versus TKA-specific readmission suggests that clearly defining the parameters for a relevant readmission will affect not only the apparent frequency of readmission but the definition of its risk factors. This is important when considering how readmission frequencies might be risk-adjusted to prevent excessive readmission-related penalties for hospitals serving a greater proportion of at-risk patients. 
